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Abstract: This study was conducted between March 2001 and February 2002 to investigate the size composition, growth
characteristics and stock size of the pikeperch, Sander lucioperca (L. 1758), population of Lake E¤irdir. In the population, the rate
of individuals more than 2 years of age and 20 cm was very low. The average length and weight of the commercial catch were also
low. The length-weight relationship and von Bertalanffy growth equation were W = 0.006 L3.148 and Lt = 95.4*(1-e-0.0841(t+1.5638)),
respectively, and the average condition factor was 0.992. This last value is higher than those reported in other studies on the
pikeperch population of this lake in the last 30 years. The total mortality and exploitation rates were 71.9% and 0.85, respectively.
During the study, the annual catch of pikeperch was 50.2 t. In the lake, the stock of pikeperch over 14 cm in length was estimated
as 601,299 individuals and 53.4 t in biomass. The present fishing effort should be decreased by 60% for maximum sustainable yield
(MSY). In this way, 82.8 t of pikeperch could be obtained from the lake and the biomass of this species in the lake would be increased
up to 350 t.
Key Words: Pikeperch, size composition, growth characteristics, mortality rates, stock analysis

E¤irdir Gölündeki Sudak Sander lucioperca (L. 1758) Populasyonunun Büyüklük
Kompozisyonu, Büyüme Özellikleri ve Stok Analizleri
Özet: Bu çal›flma, E¤irdir Gölündeki sudak Sander lucioperca (L. 1758) populasyonunun büyüklük kompozisyonunu, büyüme
özelliklerini ve stok büyüklü¤ünü incelemek için Mart 2001 ve fiubat 2002 tarihleri aras›nda yürütülmüfltür. Populasyonda, 2
yafl›ndan ve 20 cm'den büyük bireylerin oran› çok düflüktür. Ticari avc›l›¤›n ortalama boyu ve a¤›rl›¤› da düflüktür. Boy-a¤›rl›k iliflkisi
W = 0,006 L3,148, von Bertalanffy büyüme denklemi Lt = 95,4*(1-e-0,0841(t+1,5638)) ve ortalama kondisyon faktörü 0,992
bulunmufltur. Bu son kondisyon de¤eri, son 30 y›l içerisinde bu gölün sudak populasyonu üzerine yap›lm›fl di¤er çal›flmalarda bildirilen
de¤erlerden daha yüksektir. Toplam ölüm ve sömürülme oranlar› s›ras›yla % 71,9 ve 0,85 bulunmufltur. Bu çal›flma s›ras›ndaki y›ll›k
sudak av› 50,2 t olarak belirlenmifltir. Göldeki, 14 cm'den büyük sudaklar›n stoku 601299 birey ve 53,4 t olarak tahmin edilmifltir.
Maksimum sürdürülebilir bal›kç›l›k (MSY) için mevcut av gücü %60 oran›nda azalt›lmal›d›r. Bu durumda, gölden 82,8 t sudak elde
edilebilecek ve göldeki biyomas 350 t'a yükselecektir.
Anahtar Sözcükler: Sudak, büyüklük kompozisyonu, büyüme özellikleri, ölüm oranlar›, stok analizi

Introduction
Lake E¤irdir, an oligotrophic lake in the Lakes Region
of Turkey with an average depth of 8-9 m, has a surface
area of 46,800 ha. The pikeperch was introduced into the
lake in 1955. Since then, this species has reproduced and
become the dominant fish species in the lake,
consequently bringing about some changes in the
biological balance and economic value of the lake. Prior to
the introduction of this species, there were 10 fish
species in this lake (1). Early commercial fisheries were
based on the species of carp Cyprinus carpio L. 1758,

Acanthorutilus handlirschi Pietschman 1933 and
Varicorhinus pestai Pietschman 1933. Eight of these
species had disappeared from the lake by the beginning of
1990s. While annual total fish catch was 622 t in 1979,
this value decreased to 145 t in 1990 (2). To improve
fisheries in the lake, firstly the silver crucian carp
Carassius auratus gibelio (Bloch 1782) at the beginning
of the 1990s (3), and later the tench, Tinca tinca (L.
1758) in 1997 (4) were introduced into the lake. Of the
2 species, only the silver crucian carp population
increased rapidly, and in several years it has become a
dominant fish species in the lake habitat.
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As the pikeperch is a carnivorous fish species, it
consumes zoobenthic organisms, fish, frogs, leeches etc.
Changes in the compositions of fish species in Lake
E¤irdir showed that fisheries management of lakes
inhabited by predator species is more difficult than that
of lakes inhabited by herbivorous or omnivorous fish
species. Destroying the balance between predator and
prey fish species negatively affects fish production and
fisheries management. Therefore, in lakes like E¤irdir,
the population structure, growth characteristics,
reproduction, feeding, condition and stock size of fish
populations should be observed regularly for good
fisheries management.
The pikeperch is the most commercially valuable fish
species in Lake E¤irdir, and is of special importance for
the fisheries in this lake. In order to obtain the highest
yield from the pikeperch population of the lake, fishing
activities should be perfectly organized, and the fishing
effort must be regulated correctly. It is known that for
maximum sustainable yield (MSY), the fishing effort must
be proportional to stock density. This study was
conducted to determine the maximum fishing effort and
potential yield of the pikeperch stock in Lake E¤irdir. In
order to achieve these objectives, the population
structure, growth parameters, mortality rates, stock size
and stock analysis of the pikeperch population in the lake
were investigated.

Brody growth constant and t0 is the hypothetical age.
Fulton's coefficient of condition factors (CF) was
computed from (W/L3)*100 (7). Natural mortality was
calculated from Pauly's (8) emprical equation (ln M = 0.0152-0.279*ln L∞ + 0.6543*ln K + 0.463*ln T) based
on the parameters of the von Bertalanffy growth
functions (L∞ and K) and on the mean annual water
temperature (T). In the estimation of the total mortality
coefficient, the length-based linearized catch curve
method was used. In this method, the length values taken
from commercial fisheries were noted, and the age of
each length group was estimated using the von
Bertalanffy equation. Then a linear regression analysis
was applied for y = ln (C(L1,L2)/∆t), x = t((L1 + L2)/2) and
the slope (b) was found to be Z (9). Survival rate, the
percentage of fishing and natural mortality in the
exploited stock were found with the following equations:
S = e-Z*100, C = (F/Z)*(100-S), D = (M/Z)*(100-S),
where S is the percentage of surviving fish in one fishing
season, C is the percentage of the catch, and D is the
percentage of natural deaths. The pikeperch stock was
assessed using Jones' length-based cohort analysis (VPA).
In the calculations the following equations were used
(9,10):
t(L1) = t0-(1/K) * ln[1-(L1/L∞)],
∆t = t(L2)-t(L1) = 1/K * ln

Materials and Methods
Fish samples were obtained with gillnets of mesh size
18, 20, 22, 25 and 32 mm, and trammel nets of mesh
size 28, 40, 50, 60 and 70 mm between March 2001
and February 2002. The fork length (L) of each sample
was measured to the nearest millimetre and was weighed
(W) to the nearest gram. Scale samples from each fish
were taken for age determination. Water temperature
was measured monthly throughout the study. In addition,
catch amount and length-frequency distributions of
commercial fishing were determined during the fishing
season.
The length-weight relationship was determined from
W = a*Lb equations (5), where a and b are constants of
regression analysis. In the investigation of the growth of
the pikeperch population, the von Bertalanffy growth
equation [(Lt = L∞*(1-e-K(t-t0))] was used (6), where Lt is
the length at time, L∞ is the asymptotic length, K is the
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H (L1,L2) = e((M*∆t)/2) =

L∞ - L1
L∞ - L2

L∞ - L1
L∞ - L2

M/2K

,

F/Z = C (L1,L2)/[N(L1)-N(L2)]
F = M * (F/Z) ,
1 - (F/Z)

Z=F+M

N(L1) = [N(L2) * H (L1,L2) + C (L1,L2)] * H (L1,L2),
Dn = (M/Z) * (N(L1) - N(L2))
C n = (F/Z) * (N(L1) - N(L2)),
where;
t(L1): age of L1, ∆t: time interval, H(L1,L2): natural mortality
factor, F/Z: exploitation rate, F: fishing mortality
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coefficient, M: natural mortality coefficient, Z: total
mortality coefficient, N(L1): number of survivors of length
L1, C(L1,L2): number of fish caught of lengths between L1
and L2, Cn: catch in number, and Dn: number of natural
deaths.
In the prediction of the yield and biomass of the
pikeperch population, the length-based Thompson and
Bell model was applied and the following equations were
used (9):
Z i = M * X * Fi ,

Results

Age and length compositions
During the study, a total of 705 pikeperch were
caught with the experimental nets; 67% of these samples
were in the 1st year of age. The percentages of 2, 3, 4
and 5 years of age were 30.2%, 2.6%, 0.1% and 0.1%,
respectively.
As shown in Figure 1, the fork length of the samples
ranged from 16 to 47 cm, and the rate of individuals over
30 cm in length was rather low in the population.

Growth characteristics

N(Li+1) = N(Li)* 1/H i - X * Fi /Z i
H i - X * Fi /Z i
C i = [N(Li) - N(Li+1)] * X * Fi /Z i ,
Wi = a * [(Li + Li+1)/2]b
Y i = C i * Wi ,
Ni * ∆ti = [N(Li) - N(Li+1)]/Z i
B i * ∆t = Ni * ∆ti * Wi ,
where Zi: total mortality coefficient of i length group,
N(Li+1): fish number of L2 in population, Ci: fish number of
captured i length group, Wi : mean weight of i length
group, Yi: yield of i length group, Ni * ∆ti: mean fish
number of i length group in population, B i * ∆ti: mean
biomass of i length group, and X: F-factor.

The length-weight relationships for males, females
and males + females were W = 0.0055 L3.172 (r = 0.960),
W = 0.0072 L3.093 (r = 0.986) and W = 0.0060 L3.148 (r
= 0.987), respectively. The average length, weight and
condition factor of different ages are given in Table 1.
The age of the samples ranged between 1 and 5, and only
2 of them were older than 3 years of age. Therefore, in
the calculation of von Bertalanffy growth parameters, the
mean lengths and weights of the samples of 1, 2 and 3
years of age were used. The von Bertalanffy growth
equations were Lt = 93.1 * (1-e-0.0855(t+1.6219)) for males, Lt
= 97.8 * (1-e-0.0827(t+1.5207)) for females and Lt = 95.4 * (1e-0.0841(t+1.5638)) for males + females. It was also
determined that the condition factor increased with fish
size. However, no differences were found among
condition factors of different ages (P > 0.05).

Annual mortality and exploitation rates
The Brody growth coefficient (K = 0.0841) and
infinitive length (L∞ = 95.4 cm) and water temperature (T

Frequency (%)

25
20
15
10
5
0
16 18

20 22

24 26

28 30 32 34
Length, cm

36 38

40 42 44

46

Figure 1. The length composition of the pikeperch population.
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Table 1. The mean length, weight and condition factor of pikeperch.
Ages
L ± SE
Male

Female

Mean

1

2

3

18.7 ± 0.1397

24.8 ± 0.3191

30.4 ± 1.4523

W ± SE

59.5 ± 1.6579

157.3 ± 6.0517

294.6 ± 45.7409

CF ± SE

0.997 ± 0.0061

0.999 ± 0.0104

0.988 ± 0.0449

L ± SE

18.4 ± 0.1302

24.7 ± 1.0153

30.5 ± 2.8673

W ± SE

58.5 ± 1.5743

154.5 ± 5.1302

305.5 ± 37.6163

CF ± SE

0.983 ± 0.0046

0.993 ± 0.0087

1.021 ± 0.0255

L ± SE

18.5 ± 0.0954

24.7 ± 0.2092

30.4 ± 0.9181

W ± SE

58.7 ± 1.1459

155.6 ± 3.9142

301.2 ± 28.2397

CF ± SE

0.989 ± 0.0037

0.996 ± 0.0066

1.008 ± 0.0229

= 14 °C) were used to determine the natural mortality
coefficient. M was calculated to be 0.185. The
percentages of dead and surviving fish over 14 cm in
length were determined using the values in Table 2.
Estimation of the total mortality coefficient with the
linearized catch curve was based on the length
composition. The coefficients of total mortality and
fishing mortality, and survival rate were calculated to be
Z = 1.27 ± 0.08 (±CI, 95% confidence limit), F = 1.085
and S = 28.1%, respectively. The percentage of mortality
rates were C = 61.4%, D = 10.5% and Z = 71.9%. The
exploitation rate (E) was calculated to be E = 0.85 from
the E = F/Z equation.

4

5

Mean

1.101

-

0.998 ± 0.0052

-

1.286

0.988 ± 0.0042

1.101

1.286

0.992 ± 0.0033

size and length-frequency. Then the corresponding
frequency in each length group was arranged according
to the total yield. The exploited stock was assessed using
the number of individuals in each length group by VPA
(Tables 3 and 4).
The pikeperch stock at the beginning of the fishing
season was assessed as 728,307 individuals for over 14
cm in length. A part of this stock was caught by
fishermen, another part died because of natural reasons,
and the rest of the population survived. During the fishing
season, the fate of the pikeperch population is seen in
Figure 2.

Bioeconomic analysis of pikeperch stock

Stock size
The samples collected from the commercial fisheries
during the fishing season were used to assess the stock

The yield and biomass levels for different F-factors
were predicted by simulations of the VPA results. The

Table 2. Estimation of total mortality coefficient with the linearized catch curve based on the length composition.
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L1-L2

C(L1,L2)

t(L1)

∆t

(x) = t(L1 + L2)/2

(y) = ln((C(L1,L2))/∆t)

14-18

331,270

0.323

0.599

0.623

13.233

Used

18-22

150,735

0.922

0.631

1.238

12.384

"

22-26

82,206

1.553

0.666

1.867

11.723

"

26-30

34,590

2.220

0.706

2.573

10.800

"

30-34

10,079

2.926

0.750

3.301

9.506

"

34-38

4968

3.676

0.801

4.077

8.733

"

38-42

1854

4.477

0.859

4.907

7.677

"

42-46

829

5.336

0.926

5.799

6.797

46-∞

558

6.262

"
Not used
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Table 3.

Distributions of the length groups of the pikeperch in the annual yield, converted into age intervals and natural mortality factors, number
of survivors, exploitation rates, fishing and total mortality coefficients (K = 0.0841, L∞ = 95.4, M = 0.185, *F/Z = 0.500).

Length group

Catch

Survivor

L1-L2

t(L1)

∆t

H(L1,L2)

C(L1,L2)

N(L1)

F/Z

F

Z

14-18

0.323

0.599

1.0570

331,270

728,307

0.850

1.046

1.231

18-22

0.922

0.631

1.0601

150,735

338,469

0.840

0.970

1.155

22-26

1.553

0.666

1.0636

82,206

158,990

0.859

1.124

1.309

26-30

2.220

0.706

1.0675

34,590

63,254

0.862

1.151

1.336

30-34

2.926

0.750

1.0719

10,079

23,105

0.813

0.804

0.989

34-38

3.676

0.801

1.0769

4968

10,706

0.816

0.821

1.006

38-42

4.477

0.859

1.0827

1854

4619

0.775

0.639

0.824

42-46

5.336

0.926

1.0894

829

2228

0.746

0.543

0.728

46-∞

6.262

558

1116

0.500*

0.185

0.370

Table 4. The length-based virtual population analysis of the pikeperch population.
Length

Catch

Survivor

L1-L2

C(L1,L2)

N(L1)

14-18

331,270

18-22

Mean N * ∆t

Mean biomass * ∆t

Yield

Z

–
W

–
N(L1,L2) * ∆t

–
B * ∆t

Y(L1,L2)

728,307

1.231

0.0370

316,684

11.7

12.3

150,735

338,469

1.155

0.0748

155,393

11.6

11.3

22-26

82,206

158,990

1.309

0.1328

73,137

9.7

10.9

26-30

34,590

63,254

1.336

0.2157

30,052

6.5

7.5

30-34

10,079

23,105

0.989

0.3284

12,537

4.1

3.3

34-38

4968

10,706

1.006

0.4758

6051

2.9

2.4

38-42

1854

4619

0.824

0.6629

2902

1.9

1.2

42-46

829

2228

0.728

0.8948

1528

1.4

0.7

46-∞

558

1116

0.370

1.1768

3016

3.5

0.7

601,299

53.4

50.2

Σ

simulated results for F-factors ranging from 0 to 3 are
given in Table 5 and Figure 3.

Population (N)

800,000
700,000

caught

600,000

natural deaths

500,000

survivors

Discussion

400,000
300,000
200,000
100,000
0
14

18

22

26 30 34
Length, cm

38

42

Figure 2. The fate of the pikeperch population.
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The proportion of pikeperch individuals more than 2
years of age and 20 cm fork length in the population of
Lake E¤irdir was very low. Individually, the average
length and weight of the commercial catch were also low
(19.3 cm and 66.8 g). The rate of 3 and above ages in
the pikeperch population was 52.4% between 1967 and

719

Size Composition, Growth Characteristics and Stock Analysis of the Pikeperch, Sander lucioperca (L. 1758), Population in Lake E¤irdir

Table 5. Predicted yield and biomass for different fishing efforts (t: ton).
X = F-factor

Yield (t)

Biomass (t)

X = F-factor (t)

Yield (t)

Biomass (t)

0

0

2349.3

1.6

36.1

21.9

0.2

81.4

859.0

1,8

33.6

18.1

*0.4

82.8

350.0

2.0

31.6

15.3

0.6

70.5

162.2

2.2

30.0

13.2

0.8

58.9

86.8

2.4

28.7

11.6

**1.0

50.2

53.4

2.6

27.6

10.2

1.2

44.0

36.8

2.8

26.7

9.2

1.4

39.5

27.7

3.0

25.9

8.3

* Suitable fishing effort for MSY, predicted yield and biomass
** Present fishing effort, yield and biomass

3000

MSY

80

Yield

70
60

Biomass

2500
2000

50

1500

40
30

1000

20

Biomass (t)

Yield (t)

90

500

10
0

0
0

0.4

0.8

1.2

1.6
F-factor

2

2.4

2.8

Figure 3. Prediction of relationship between yield and biomass in different fishing efforts for the pikeperch stock.

1969 (11), 34.9% in 1981 (12) and 26.6% at the end
of the 1990s (13). It can be seen from this trend that the
rate of the pikeperch older than 2 years of age in the
population decreased gradually from the middle of the
1960s to 2002. This is assumed to be due to intensive
fishing pressure and a lack of size limitation for fishing of
this species. Heavy fishing mortality may drastically
change the fish population’s structure. A population
declines and the age distribution is shifted towards
younger ages (14). The structure of the pikeperch
population in Lake E¤irdir might have survived similar
situations, as pointed out above. In our opinion, the
reason for the decrease in the pikeperch stock and the
lower rate of large pikeperch in the population could be
the result of intensive fishing pressure and a lack of
regulation of fishing size. From the end of the 1960s to
the middle of the 1980s, fishermen generally caught
crayfish Astacus leptodactylus Esch. 1823 with traps in
720

Lake E¤irdir. However, in 1985 the crayfish population
collapsed dramatically because of a fungus plague (15).
From that time up to 1997, fishing activity was based on
only the pikeperch and carp populations. Therefore, the
stock of these species has decreased gradually because of
intensive fishing pressure since 1986. On the other hand,
the silver crucian carp became a dominant fish species in
the lake at the end of the 1990s. The economic value of
this species is very low in this region of Turkey, and is
therefore never preferred by fishermen. In the lakes of
Turkey, there was no length limitation for pikeperch
fisheries between 1997 and 2002. This was the second
likely reason for the decline in large pikeperch in the Lake
E¤irdir population. According to new fishing regulations
(16), the catching of pikeperch smaller than 22 cm has
been prohibited by law from 1 May 2003. In this study,
the rate of pikeperch over 22 cm in length was rather
low. On the other hand, in recent years, it was
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determined that their average condition factor has
increased significantly. Condition factor is assumed to be
an index of feeding levels. The condition factor calculated
in this study was higher than those reported in previous
studies of Lake E¤irdir. These values showed that the
condition of the pikeperch in Lake E¤irdir increased
gradually from the 1970s to 2002. In recent years, this
situation may be attributed to the prey abundance of the
pikeperch in the lake. In earlier studies, the condition
factor was found to be 0.901 by Sar›han (11), 0.872 by
Seleko¤lu (12), 0.872 by Bayrak et al. (13), 0.884 by
Becer (17) and 0.897 by Kuflat et al. (18). In other lakes
in Turkey, the average condition factor of pikeperch
populations were reported as 0.93 in the Bafra Fish Lakes
(19), 0.93 in the Karacaören I Dam Lake (20), 0.93 in
the Hirfanl› Dam Lake (21), 1.048 in the Mamas›n Dam
Lake (22) and 1.039 in Lake Gölhisar (23). It is clear that
the average condition factor of the pikeperch population
in Lake E¤irdir is similar or higher than that of
populations in other lakes in Turkey. An increase in the
number of prey fish such as Knipowithschia caucasica
(Berg 1916), Aphanius anatoliae anatoliae (Leidenfrost
1912), Gambusia affinis Baird and Girard, 1853, and
Nemacheilus lendli Hanko 1924, and a decrease in the
pikeperch population might have been the reason for the
higher average condition factor of the pikeperch
population in the lake. The prey fish stock increased
dramatically after the introduction of the silver crucian
carp (24), and the high cannibalism rate (25) decreased
to 0.59% in 2001 and 2002 (24).

The annual pikeperch yield in the lake was 50.2 t and
production was 1.07 kg ha-1. About 10 years ago, the
pikeperch catch in this lake was 2.33 kg ha-1 (26). These
results show that pikeperch production in the lake has
decreased about 50% in the last decade.
During the study, the total mortality and exploitation
rates were 71.9% and 0.85, respectively. The optimum
exploitation rate is assumed to be E = 0.50 for
sustainable fishery. However, the total mortality and
exploitation rates are rather high and seem to be a threat
to the population in the future. The stock of pikeperch
over 14 cm in length was estimated as 601,299
individuals and 53.4 t in biomass. It was predicted from
the stock analysis that if the present fishing pressure was
decreased by 60% for MSY, yield and mean biomass
could be increased up to 82.8 t and 350 t, respectively.
The exploitation rate can be decreased by limiting the
mesh sizes of the nets. Therefore, the minimum mesh
size of gillnets should be no larger than 25 mm in length.
In addition, the balance between pikeperch and prey fish
populations should be observed regularly and maintained
at the optimum to ensure the future of the lake fishery.
Consequently, in recent years, the rate of cannibalism
among pikeperch has decreased, and conversely their
average condition factor has increased. However, the
exploitation rate is rather high and should be reduced. To
enlarge the pikeperch population in Lake E¤irdir, fishing
must not be carried out with gillnets having a mesh size
smaller than 25 mm.
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